The free energy of furfural and some of its derivatives by Miller, Pharis
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1934
The free energy of furfural and some of its
derivatives
Pharis Miller
Iowa State College
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Inorganic Chemistry Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Miller, Pharis, "The free energy of furfural and some of its derivatives " (1934). Retrospective Theses and Dissertations. 12756.
https://lib.dr.iastate.edu/rtd/12756
NOTE TO USERS 
This reproduction is the best copy available. 
UMI 

fm raa 6F so® w wn 
fey 
% A »/ y %/ ' 
'4' 
SttlS «f.f;it 
A fh»8i» Stt% -^fet«€ %© tb@ ii*iAiaat« Pfte«l%-
for lifee m r^n. 'Stf" 
»Sf 01 Of FEt,liOiOfHf  ^
^«p Satojeot - Iswgii®!© Clwie'li^  
le^ 
imA STAVE mux 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
UMI Number: DP12082 
INFORMATION TO USERS 
The quality of this reproduction is dependent upon the quality of the copy 
submitted. Broken or indistinct print, colored or poor quality illustrations and 
photographs, print bleed-through, substandard margins, and improper 
alignment can adversely affect reproduction. 
In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if unauthorized 
copyright material had to be removed, a note will indicate the deletion. 
UMI 
UMI Microform DP12082 
Copyright 2005 by ProQuest Information and Learning Company. 
All rights reserved. This microform edition is protected against 
unauthorized copying under Title 17, United States Code. 
ProQuest Information and Learning Company 
300 North Zeeb Road 
P.O. Box 1346 
Ann Arbor, Ml 48106-1346 
Q, ID 4 OS 
M b H f  
mmM cF eoifUfs 
Pag» 
to Diismis ^  tmms,.. ... .-* s 
Acmammamm 
lOTRODtJGTlOM »»««»«•»  « «  «»  #  »,« ,  • . .«  » • •  »  »  #  -» . - *»  »«««•««• •»-»•«•«»»«• •«»».» . • .»  S '  
«««.'*»«»»»•• «.«••(•((.«•:.»!»••••• «.»«#•••••!#»'#«,•»•*»•«• »»,#-»«.-*-#*»».•»•»« '8^ 
Fr»paiaMm ®-f M®.i;®rt»ls f' 
©f Prooi^«re 10 
Gal&ulatioj  ^
Results ., * * #•*« •«-«-• **#•» ».-* *'« # ••*11 « •*-.* * ^  « -St *"«.4r# #*«* »•*# • » «•* 1& 
Beat Cap&eity 18; 
»#*«*«»«»*»»« * *  «.«  w *  *  «, - *  »  *  •  ••-  f c .  18 '  
Preparation 
Method of Prooe^tjr© .» m 
CnXc^Xfit/jlosi o^r 
oi* '!B2!i'fei*op5?" *•••«•«»•«.•*#***•«-*«*• **•• *-*#--#'*• • #'» 
Qmimlation of the Free Energy of tte 4f 
CXSCIfSSJ^K « « »•-• ^» * » * * * *-«-« *.« »#»«*»•« *,*. *.#.;» «> «. •-# '« #-» » * »•*•» #.••»•-.# «- ». •' 49 
Heat of 
H©st Csps-O jlty *.*• «.# * * *•-# *•«*•- *.*-••**»*.»«# » «««• *»••*#*•• 
©QSOIjUSXONS »•#»-.*»#.* *-.* IK- »*- #.«.*-#•« « * «•»-**• *-* *.•* *«.#*«•#.•** S3 
.# « SS-
*• »• ••« ^4-
T" 4-"^e^4-
.mmx m tmrn Mm 
1# fh® Cal©rfc»ter- If 
S* Train COttae©%®l to th« Calorliastor 12 
S« Stfti^ rdisation of tlift Cml«E»i?»ter with Saphth&lene 
1* Beat of Combust ion Data, Results of StecndamiiKatiQa of th» 
Osygen B<Ksb Calorisaeter IS 
Z, Beat tsfS CesAwitiQs «f Pwf«r®l If 
t.'a&at of Coatettim &t Fm^mm 1, S 41©! It 
4» Condensed f&bl« #f Eeat Capacity Data Tor I i^rfar  ^ IS 
Gondesscd fabi# of Heat C-.paeity Pat-a for i^ lWal SO 
S, Condensed TeM« «f Heat Capacity Data for Pwrftafyl Alcohol *,«..,•» iSl 
f . Condensed Table of Eeat Capacity Data f«Kr Aloohol SE 
8. 0o«a«B;s»d Table of Reat Capacity- Data, for .fs^tsrah^fslr^^rfuryl Alo.» 3S 
9. Condensed ?fiM« ttf Heat Capacity Data fmr f«ii^ yiroftirfuryl Alo,, Si 
10, Gondensefl ff&le' «f Beat Capacity/ Data fer Feat^o© 1,. S diol 55 
11, GmAmmS. #f. Heat 0ajw5i% D«  ^tm 1, S dlol 
It,. CcoidSM®!' fiftsl# af ttsat Gii^ otty Data t'mt 
S8 
M, Char  ^ ia Istro  ^ 40 
It, Data tor Calotilation of Free Energy' ©f 4f 
G'apa^s i^i.ty €if Aloohol 
:S». -leat Sap&ftlty fetirtytfrsftarfury 1 Aleeh® 1 • *,-., 42 
4* l*t fapaeity •#? PeBt«» 1, S Mol 4$ 
•B» K0®.t Capacity 
i', Me Sntragy ^D#t«esia».ti» 4S 
wi%«ir Wm %a ar, f. 1, 
Br«wa fm- -saggft- i^^ . %l» mM imt Ms 
aea% siwlttg •&» 
4 
8 1*1 
1 I I  I I 
I S % I I 
I I  I 
I 1 
I I 
I 
I 
t 
c 0 
1 ! 
I-
*ri 
© 
I 
I 
I 
I 
% 
% 
I 
S' 
m 
'M' 
# 
5^ r*l 0 
# 
0 
..ya 
«' 
i 
ii'' 
e 
I 
o G9 
-§ 
# .-~.l 
m. 
# 
>*? 
if 
i 
«s 
•* 
m 
* 8T» 
S 
«(4 
.iN' 
<5 
&4 
la 
» 
•fist 
d 8 
•rl 4» 
A 
4i3' 
H: 
1 
§ 
% 
•p 
© 
« 
%4 
. • © .  
. 'W4' 
la tM# tli® fmm mmwgf I®. :«aleal«%«l fcl*-* tJ» 
fet^txoa «f tmm -tt# l^ p©giarti,» af- faiiteitl %© 
fsa« I, S 
fwtMryl t0 #i» ml^hmlm 
•fl»' .ftMtiiirt fr®« mmr  ^«l? 2S° i» tite tvmm- -««er^  ^
€W mtm- .tf •stawtoip.iiiB -nit-k ;^» .•gmimtu «9i. j^mmt ,1a liieir 
»«f#:»l!ifs :siaKfe#»* A. pure liquM fflp solid is Xr. tb© , 
.§tiiM* fm0m% «t a partial ifmsmam  ^mm; mtmosytor® i# 
ia l;^i,s. 'i^«aAPd -^tetas. 

i 
f 
& 
0} 
© 
I 
44 O 
43 
A © 
1 
J 
I  
I 
ft  
J 
I 
g 1 
33 -S 
« 
I 
m m' 
g t 
SS £ 
i I 
4S 
§ 
% 
t 
i I 
I  
I  
I 
I  
•# 
•O 
% 
u 
4  ^
% 
I 
# 
• 
*-4 
•**'4 
•«rt 
& 
o 
>1 53 
o 43 R 
•H 
O 
»4 
«6 
« 
•H 
» 
i 
•H 
15^ 
% 0 
Ht 
0 XI 4» 
© 
-S 
fg p 
s « iH .©1 
^^4 
'i 
•& 
# 
© 
« 
« 
I © 
t © 
# "its 
• ®  
» 
*s «E 
-H-
fh® m&s placet is pesitlda, W»%th& th® stirrer 
a«r -liie tewiiwi the bojnb, 
Vb» stirring »ot» lapM h©«fc trmmtm i# H»st te-
mimVie. M e<ai3«:tti« ®«ilarfei»tapy mA tl» arm m m,pMly «» 
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A mifoira rat®, tlw. waiiiig tfa« f«w tfa© prediaSBia  ^
malBg sp ^ri®d ww festo® mm mlnnrm f&r ftw aSaates «ni 
m tli# f4,f% r®«4iag flriag wm eteseA for tti*©® s»»Ga4a« A 
f«teatlal <ilff»r#a©# rf K folt® ms s®e«r®4 % iatrMmiag 
regiataaw ia thm 110 rfslt -eiroait* 
fhe  ^ -mm rm& m-sh laiwt# whll® tim. ts i^mt'-ar© ®f th# 
•®sl«riiss'l#f wmm jdslsg. If iiata ia e«6loriw%:ry *r© t© I3® th© 
f«rlei« #f ris® »»8t Is# tfe© #«»•,« la this *«ei: a« effoft w&e »4» tw 
tlna- *®igh% «f elwrg# »& "asst tJie naxiiaum tai^ mtiare «? ia. fi"W 
©r siac asiiiat#s#. fke rtsulfcs of any other tmpsrttt«» ri»« •«»» related,, 
f# flai mte of «o«li»g aJ^j* the ««s-fcwM t«ap@rftt»rB. wa» pe««t!.«4 
%i»- ttepewfc«^^s wew r#eo-ri®a .for fi-w rtawts«, 
ffe« df 1»0S% :itt« #0 m€i«fet«a ms% t>y 
a»tMt4«e wm ®»rr#ei«i. f» ia- this ta»®#'feig«%loa. by wiag 
i3i<5feiasoa*s fblg .lasttioA -fcli® period iato "fear© 
laftTts ,^ the fijr®t O.i mi ^3# la®%. 0*4,. tto 0^»i' petat is f«a«hM irmn. mm 
ti& &m «i4 amt'-imlt aiwjt^ s »f%#r tfc# firiag, fo tl® «»«t point 
th# *603ip@3?atar©s •»» tftlro «t fi«s s©e  ^feriag thim ImlS laiasi®. 
fit® rise •mm f^o® *l»o t® tlwe d©@p0@» so ttet tlie 
f toal ms withSa 'mB imgm® &t tis© mter Ja<jfc®% tSKpers-bsre. 
th®®© caai.i'fcioi® th© fer '^h® •ar lO'St tb®-
i®HTo»id-iiigs is' ttt «. 
tfe®- Ijesralj waa %9l»n cmt' ©f- tte miser • fl® .-se^gea r«lefts«d 
md tl» InsiA® of tfe® isspe t^eeA tm w&hwtmS. :lf ft 1$%«M 
was to t» 'Sm tM tmh %%.'mM la i&. ssmll Sr'lftjGai^ r'.flssi:,. 
fltt®a with -ft TObljer a 'aieileii®-' ^ opfsr' piswliig l^ ar-oa  ^ th# 
f b« dropper m®' «s«d te tr&ifflfso' tla li<|«i<i t© Wm- ocrfmstioa p«a, 
•Slid 'tba - i^ght ef %b@' MsjsiiA mmA. .•««» ©WasSaei Aif 
Sfc® «tissl«t|sS sii^ l© of tf®a .^<34e m# f iuS Iu99.il 
&i til® Is^csA m-A tM; ^ altW'tTs^tew IsmiMis-*. ••mtar 
©fmlml®Kfc -of the hosSi '"ms 'tfe# -heftlj' to ea,l«pl»8 
m&4&4  ^ pr-edm0  ^ tlse rim i» ymi0it of used irm 
•t&®' '.ImM pmis&04 Isy 'iwsitag f|j® l»a^«ioi:o ^wM*. fb® diffle'i^ a©®- «RM,,-fcl(e Mat 
.hy t}m m^e^L «ix4, te£ise%« 
Til® sa*i5s®r ftB4tiig;tle"a®rre<yt t®^©,rat«r©. riw ts. .giwn Iselw* 
fts© pr<>4»»©4 the t^ sfsemtur®  ^,«f 'tSi© tjc f^c ami 
t&e- mfesr i» -fe® ««l©ri3j«ffc®r hm'MM to rts# atoow it® mrr&m&SMgm .^ The: 
rise caused,a lews® "isj .» tfe© tewperateam ,iaiep®e,«« 
m® i-wt laltS'm m&h m !%• !«»»• t!©«« fhis -effect, ms aSaiiEii««ft 
% MtIibS ISh® teisp®r»tiire' of tSi© ^bosij ^®asil ^s» m%®r to tl5  ^ -©alori^ t®!* ta^ce-fc 
%mer i^ im. its- sanrnaAiag# •tefar#.ia» were, therefor#:, 
t» j&o3TfiMs%i®as ti© applys tM mrali^  ©ff©et »% ^0 s%»rt ssd •fche cooling 
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Diagraxa I 
The calorimeter used for the determination 
of heat capacities. 
ia ©r<Ser ts kmp tls® wsistasB©- ©f fete wlm m ems'tet as fog-sttl® tlMPOttgli 
til® t^p©mtar# the ©-©ii ws«Ki om the ©yltaiafj,, ei»tea 'miWt 
Bafelit©^ wpat«% «a«l oa,. It« ,r084»taB©®,. wfti»r#4 hj & A^atsta®® 
bridge'ms: 16 *% tS^» ffee wires., F, wmm i»i tlis© tm-feBiser 
throu  ^4# «W9t»% mMereii fe %le hiMefciag. esll.* flue 
wlt*ea of 1* «»r« •^0a:gii% fst» ta tto mm 
.jasimer md t&© ®l««t wrs s«M«r«i %© » 8*tia fIftt pt»0® of -rttiek 
mp tmtBmA %e <iie % scsrwtti^ a w%: a hot% soM.«»€ t® 
the bottom ©f 'Ife# o.c®b&iBer, The ther!tt9@l«s% wea« ©f lo,. il «<»« 
ststttaa and I0, M oqR»r w%m»» fh« jOT»Ma«» *©» iwrt© % 
«it«s fit® wiw® selected wur# ls»slasi ,fi«r h^^gmmi'by Isy pmM'img 
them i^ irougfei m 9-teilw fesffc in liquid Sfetr* No ©leetromotiTe force was pro­
duced atff«r»iii fsaHfes of tfe« wim* tl» wrs :p^©©tti 
frea «Qri«l« ly <so&tiBg l«aglfc of wirt wttfti 
BsJkelito viai^ eSt... 
• th« tlif«r«o»le«B% ms aged hf «.lta«mt#l|r eooltag Ia liiaM mir 
aaft wteiag t« ?oc» %e^>®m%ar#» It m» «ttii&ra.t#d at -tii®- p i^st 
of mter, ^ 21) fep^gitim f®^t me sotlMB, tl* 
point, tte fre®8i33g point of mero«iy, •38,87®C^^^J BubllisKMlm 
-sf ««rli0n ai<wlA&, wsitf th« l^ iliag fsiafc of lifttiJ 
-.181. fl»s® poiat« pw« &. IJjaa 4© «^.tloii- fro®, 
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tfe© standardisation oTer tis© t??o rasgea. The stssdardissfcions were amd© ia 
the BMoner dsserited ""mlxm. 
In aafciag a deterattoatioa Iti© iiaaer ctmtaiaer or mlorimt&r oan 
ms first filled with the e«roii>dand aM swrouMed with a orusbM %m 
iidxfeure. fhs top ma then fitted on aad soldered iato place usi3ag¥o©d*s 
wta.1 alloy as a solder sad a sol-utioa of three tjarts zia© ohlorid® Mid 
mm part fflmonim diloride as a flas, Tla© parts to he soldered w©r© kept 
•srell tiaiKd witii ordinary solder, fbe teaperstur® wajs kept to pre-rent 
tiw deecmposltion. of th© eoa^oimd. 
k sjbrII "wat hoi# in the top wts sold«r&d last so tl»t bo air 
l>r«ssttr« esRiM be built up ia i^e ooE.tai»er» lecords were kept of tlie 
weight of imtsrial ased aift of iti® TOight of tii© eoataiMr and solder so 
tliat if tbe of w ider aad dalorSawJter war© not -tdjs ssa© as in the 
c l^lbratioa a ^orreetim ©otild be applied la e&loulstiag the srestalte, 
tte liefttiag '«rtres ^mem tlmi soliere# oa aad tha theBao©l«a«it 
»tta0l»€. fli© »lorJwster ms tfeen suspended from -fte out«r container 
and plae«i in th© otife«r jac&Bt, fhe ootof of the oater Jaeket ms «oli3®re4 
whil® the %04j/ of the eoat&iaer -was teM ijs «ater so -kh&t 13^6 teEjporstiird 
of til® iar»r coataiaer would sot Is© fals«d 0*0©s®4i?43ly« k piece of glae® 
tafeiiig me ©©sss^ed Into tl\« awji©! set&l twb# Tsy w^mm of de IhotlBs  ^
eewat* fbis glass tabie •mm th©a eealed to th® %mr pr©«stir© syste®. Th© 
©.pparataa ma then tested for leafed, "Wliea a pr«a«are <ot 0,1 mitjaecsa ¥®s 
miataiasdj^  the sooliiig ai^ m» -km plae-ed mrmmi the owter eoatalaer. 
I^ drogm ms slowly «dtei.tted to tlie %p r^at»® ®ad tli« calorimter allowad 
to eool. lifirtig&n ms nmd beeaus© It is a good eoai«otor of fe&at aad 
©®t!6bliail®8 t^ r^atar® #q«illlriiia mpMly* It will imt o&M&tme at 
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4f mt»r (1 aol»)a -169,680 
-201,664 »ia, 
;s«%t3p«©ii®g tk® left .wai%#r ^ce %fe» .rtg^t wmtosi' -201,664 «l8,i 
-.178,750 ©ftlB., 
- 22,914 Ottl*., 
glw« margf .®3wb®» fcr tfe® fonaitiaa  ^.m@- toI# rf fteftwali 
ff«a, i-xylose. 
•fl# fr«e -elaiag®- f®* tmimm.% to 
e^sm- • % g^c^cj® 
Af 'itrntvopyl tklmoh&l w .-^sjies mla. 
AW fwrffwpsai « *31,984 ®fil«, 
«1», 
ftee :Mms'mm Srm 'tm'.imml td i» 15,181 ml»». 
fhe fr®0 «wrgj «l«iag« f©r feleuho-l t® tastm-
lydrafrapfeayl fti©irtt©l £s C4HgC^0H 4- . .^  CE t^CI^ OH 
-17,755 ©»!«. 
fire® #Mer^  seiwafa f«r mlmiml 1«» 
£nrtxa?yi •uUohst Is -.If ^  €»1«» 
'SW; fr«® -«me^  % hyirogmttMag^  feo p^ent*® 1, S 
Ai* tetrahydrofarfaryl 
4F ftirfuryl «loAol 
s« -62,920 sals 
B -45,166 «al».. 
8ss«% 4-
'l«t»a»: Ij S 4i©l 
4 f ^praefeaaae 
af ftirfaml 
« .-®»,.fxs «al8» 
a ««,sm «ala.. 
fhs. fr®»- swa*©-' #fcis^p is mUm 
HQfet of ConO^uation 
fii® fmatoTB «rfe«6iag aceurmoy mm  ^ wmsmt^mm  ^ =«f tea^mteaw 
^sfcirrti^ «f the (ptltty^tap4« li<5[uid mi 'Wtmm 
calorimeter iKta |ii0k«%» f fees# w«r» jainiaiged % ranolag 4®t®rrfm%l«i 
in exactly ti*« ««e *iTO«iF «« 1i» fit# ws-ight ttf mt^ r 
a*e4 ia & i«%e»sia«felffla,^  vthlcih ims t^eawa %® :iiiewi; m ©Pwa, wott-M ««»#• Wi 
#rrs3r of tfesa sw pmrfe lu %m 
Ihm Seetoaam ta fcikiBar©iitiis ©f a, 4»©p®» 
«aMi •tai® '«fcs mm6>. to tli3r«« -teelml % oitt'lmtiog ito®i 
figare, Fa»Jl« m«: «Hstmfc#4 ly -ming m apteiat tli©?iwa!»t#r tmm^m 
the the2ias«ter mm- hmtom &mh mmMx  ^ to p««y©a% &t 
Tkm swor ta reftdiog %li« wm *l»wfc O.OC^ • lfl»ii tl# 
ia teat®y«ta» im» M-^ % 'ttl--# *«I4 l>« mm error ©f o» parfe to Iti©. 
tm&-''(^m tee&et: wittos .©mpration-«ad .•sg.laaii^  m ms»ri»-ia f«6st#r. fh® 
»ter •«tat^ etafc- «f -ttw wm- e^> M tJm mm »s 
©fuivaleni;,, Sroti» «t Jennings « liigteP mlas,. e«Sttrt©s -(41®), 
%ut thG bomb ea»b®tiM@€ Mflitional eqtti|Mr»% t}»y -mrm wiag. 1%., 
fb© -mtm t&T tli» h«»t mi 1, S at®l ms. 
fs8.,'s' blegra® eftl»rl«is, A ^tm^k % omlsblfttsag tlsa li©a% •e«0teasti« 
ctf tli|« «<ap0OTtd % ttoB 3»tl3.o4 fro|>«»a ly -Baraseli is :lat#r«tias,^^®^ 
fhs -mtm % M« »etlj«t m* tSi Sil®^a» 'oaiori#® 1« ia 
f*ir ftg»«wsafe ««aiEi<l»rI«  ^ tl» mdswm of MSmmmh*  ^
ft»- femt ©f 'Jif f«rfB0pal m» fmM. t# iSS»S fil«tgr»a 
»1#». fl» mlm .Iwai % •Jb^te'^ia w .^ .^^ 8 
»g'©-
S»a% mr ««*% #f «ff(g«feiiS la my®-*. Pir« ,^ 
Mis l««k tla^mgfe -wims a»4 .sttt tfesai... fhM *t» ii^ staefcst far ta 
.=( alibrntiea of -M#. .^ ppar*%a»«. t iae. «#{"##% af :|?tti.ij8,%iaa «fei©h «ms 
ia •tfe® tiass. «fc" i<» It i» Im is 
%y all «a.tf ftiirtf.^  ftonteftttea 
'Ijy 1 .^ -gm r^n Mm §»»•• m hBRi ••Q«ato«%£ir4ty i« Sa .^ 
(19) pofhte% 'w*t 1# #aff®«6€» ferfsen fc# »fe«» l^asa &t Im 
pmmme:  ^ Im Mrmtly pr&ffapM.mmt %etto itf'tm ptn. 
fim pmsmMtm- mm 0.1 mi«rob or so dlftrntem  ^ sa .t-te 
«aps#t%' !»• 'ia, tl» •ealesKXsMfltt# r^tw«: tfc© f3P«»mBP# O l^ 
msl0jrc« m imrnw*-. 
fit®' i#»» • «% Iw «« tfcwa 
^me le««» 'ffe# '«fe i« 
tar#: «w»,r »»!; quite :fts «,««ii^ #» raaitet?,# .to1s» 
ilm.'liim ©f «sim ii:^ ,^€»4 
li m #&%»i?»lmt3.or «f' .fee«fe capacity lagifeeA oaljf »» adttat^ s ®a 
.mvm «f" »«sfl e«a«4 m'W^em- «# #» p«rt; im sixty. - For 
tbig temm. %li® %i» .df,.* umaity fr<m fear "fe© mrm 
asmt©s» fi» tim# mt »«»«»€ by 'tlto' mm^A toaatf ••&& «a 
oXoek, ffm tt®© trr©r wm Atw to failw»«B Sm «liisi^ feg wmA atopftag tii®. 
oiarreaat esfto l^y m. -wA IsaidLiag th© tlw!iraw3®l«i9^sfe reading s^sisiy «® 
•'Q»: Tbm. rnrmr mm 'awmlly -ww O.,! «#«•««€ m t-fc# jst^ abicw r^ 
diatl wag, MfftRg -wttti t:to@ ehangxag caJ %!» a©%iyi» ®%apf«t 
tfc« siaute i«rk* fto -#rtte«fc wm tep% 
•tl» 
•albofw tlm poijsfc  ^ ssaSdto® eM Mtm. el<«s«d «t the- prefer tasttet* 
tfc# 'wjttftg# <ir©f w@6« % Wm  ^ a»a 
.cotild l« e«»stant to within 0,01 m mr^mty wmtl prfe ©f Q» 
•9^1t proittiWd ft gai-^ BSMifeer -tofleetioa .ma& .atjasti^ . Wi0 ai®«wt©r m-* 
®l®tas<s# •mn tim IS t^-tsg: factor, ffe® #f %lt«: fcemtiiig eotl ms 
t#. « ^iTb im « tegw-sfead by ae«t #f « Aeattste®# tei%« th® 
e#f®«i mt «l»age ia yesist«a©i» -Iwapsgmtas^^  ms minimized by 
tti© oalibratian, 
fl«. poteatlal % t-li© t« ^ w^%- "IS mt«r©-
volts per ii$g»© lifaM *lf, mm& 4# ate-ft^ rolt® - per 
*t vmm tli« mt tfe® i# l.«S 
*l«ap«roJ%»». fh® sensitiTity is then 0»1® «% th# lawr t«B)f®m%«rws 
»ai 0,04® m% %fcs MgMr tei'aperatures. 
collqltfbio®: 
fh® t&fm&l irm. i« m p'roees#, 
^Saig *ti»»a»4 -with <t &wmgy of gg,iM •@a,lori©s«,. 
fh© sltote-t cw^gy of th# ef. f«r^ f«r®l to 
ftsrftifyl ftleaol m stt®a4«4 %y m dmmmm i8,.1si ••i^ :ortos» 
tii» s%MHi»ra f»« :mmmy  ^'&« of aleolhsol 
to t^ twa i^r-ofcrfsaryl i# .ftttsaisfi % -a trm «aergy ^4®e'r««s® of 
i7,78i ««lori®».,. 
fm 'fmm mmrsf of tlm tmfxsrml to 
p«ati0» Ij, i tJol m® fotfflA t0, 'imr^ lm m -sof oftiesrt®#. 
'fim fm0 i« tmmA In the tt<MMsltts.ioas  ^ % a#maat»g 
ttm fersR'feioii -fif •«» »le «f at tS**, thie l»3?treg©» §«« 
pmmiM « psrilitl of 020 .1^  ^ mmrgy of 
Iiy4r0g«, ia «%ltrartl|r ttytea »% g#r«* 
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